Background: Acute viral gastroenteritis is a common illness in young children. Rotavirus, norovirus and enteric adenovirus are the major agents for viral gastroenteritis. Their detection rates have gradually increased in Korea. Our aim was to monitor the epidemiologic characteristics of the aforementioned viruses and to determine the laboratory and clinical characteristics of pediatric patients infected with these viruses. Methods: From December 2009 to November 2010, 685 stool specimens from patients hospitalized at Chung-Ang University Hospital were tested for the aforementioned viruses using multiplex PCR. A corresponding medical record review was retrospectively conducted. Results: The overall prevalence rate was 44.8%, with rates of 16.3%, 1.9%, 22.7%, 3.1%, and 0.8% for rotavirus, norovirus genogroup I, norovirus genogroup II, enteric adenovirus, and astrovirus, respectively.
INTRODUCTION
Acute gastroenteritis due to microbial infection is caused by viruses, bacteria, and protozoa. Of these, acute viral gastroenteritis is a common illness in young children. The major causal agents of acute viral gastroenteritis include rotavirus, norovirus, enteric adenovirus, and astrovirus [1] . Although improvements have been made in hygiene and lifestyle, acute viral gastroenteritis still has a great impact on young children.
Symptoms of this disease include vomiting, fever, and dehydration due to continuous diarrhea. All of these symptoms can eventually lead to death if proper management does not made [2] . In South Korea, rotavirus, norovirus, enteric adenovirus, and astrovirus are the most commonly detected pathogens in patients with pediatric acute gastroenteritis. The detection rate has gradually increased [1, 3, 4] . Many survey reports have conducted for rotavirus, norovirus and adenovirus [5] [6] [7] . However, there is relatively little data on the laboratory and clinical differences among the major viral agents causing this disease in South Korea. The aim of this study was to monitor the prevalence, age group distribution, and gender distribution of the aforementioned viruses on a monthly basis and to determine the laboratory and clinical characteristics of patients infected with these viruses.
MATERIALS AND METHODS

Specimens
From December 2009 to November 2010, 685 stool speci- 
Laboratory and clinical characteristics
The laboratory characteristics studied were WBC count, platelet count, absolute neutrophil count (ANC), lymphocyte count, and blood urea nitrogen (BUN). The clinical characteristics studied were fever (≥38 o C), chills, headache, abdominal pain, vomiting (more than once), diarrhea (more than once), and oliguria. The subjective symptoms were recorded based on parents' observation. A retrospective medical record review was conducted to examine the laboratory and clinical characteristics of patients with more than one virus detected. Reference values for WBC, platelet counts, ANC, lymphocyte count, and BUN were used based on textbook criteria [8] . This study was approved by the Institutional Review Board of Chung-Ang University Hospital, Seoul, South Korea.
Statistical analysis
The χ 2 test was used to measure qualitative variables, and the ANOVA test was used to measure quantitative variables. All statistical analyses were carried out using the SPSS V14.0 statistical program. A P value ＜0.05 was considered statistically significant.
RESULTS
Epidemiologic features
The overall prevalence rate was 44.8%, with rates of 16.3%, and adenovirus (0.1%), norovirus genogroup II and adenovirus (0.7%), and norovirus genogroup II and astrovirus (0.5%) (Fig.   1 ). The highest incidence was found in the male group (53.1%), in March 2010 (18.9%), and in the 13-24 months age group (38.1%) (Fig. 2 and 3) . Norovirus was the most prevalent virus across all ages except 25-48 months old, and from late autumn to early summer. Rotavirus was second prevalent virus during a year, and most prevalent virus in children with 25-48 months old. Adenovirus was gradually increased from July, and peak at October. Astrovirus mainly detected during early spring ( Fig. 2   and 3 ).
Clinical features
Because the number of astrovirus infections was too small to determine significant clinical differences, the clinical features for only the three other viruses were determined. Among infections caused by a single viral agent, fever was observed in patients with adenovirus (94.4%), rotavirus (64.8%) and norovirus (62.0%) infections; chills were observed in patients with adenovirus (44.4%), norovirus (5.2%), and rotavirus (5.2%) infections; headache was observed in patients with adenovirus (5.5%), rotavirus (1.0%) and norovirus (0.0%) infections; diarrhea was observed with rotavirus (93.7%), adenovirus (88.9%), and norovirus infections (65.6%). The differences were statistically significant. Interestingly, the incidence of diarrhea was higher in the rotavirus-infected group (93.7%) than in the norovirus-infected group. However, leukocytosis (55.0%) and lymphocytosis (21.0%) were more common in the norovirus-infected group (Table 1 ). There was no significant clinical difference detected between the mono-and co-infected groups. the total prevalence was 18.5%. Of these cases, rotaviral infections were responsible for 66.0% of cases, and noroviral infections were responsible for 21.9% of cases [12] . Also, a neonate outbreak has been reported as caused by norovirus [13] .
DISCUSSION
According to an epidemiologic study of noroviral infection from 2007 to 2010, the prevalence of noroviral infection was highest in children younger than 3 years of age (14.6%) [14] . An acute portant causative viral agents [3] . In our study, the overall prevalence of viral gastroenteritis was 44.8%, a finding that agrees with previous studies. However, the prevalence of norovirus (55.0%) was higher than that of rotavirus (36.3%). This difference is likely due to the methodological differences in their detection and vaccination for rotavirus. There are limited data available on simultaneous infections in gastroenteritis, and the rate of such infections varies widely in the literature [1, 15, 16] .
One study performed in Gyeonggi province, South Korea reported an overall mixed infection rate of 6.2%, with rotavirus-norovirus (44.4%) and rotavirus-astrovirus (40%) as the most common viral co-infections [1] . The present study found that the incidence and nature of mixed infections (5.4%) (with rotavirus-norovirus mixed infection as the most prevalent) were similar to those reported in other studies. Clinical symptoms were not significantly different when single and mixed infections were compared. A larger sample size should be used to further evaluate the prevalence of and clinical differences between single and mixed enteric virus infections.
In general, acute viral gastroenteritis in pediatric patients is more prevalent in males than females [17, 18] . The present study supports this trend, as the male group (53.1%) had a higher prevalence than the female group (46.9%). Viral incidence increased through winter (December: 12.6%), peaked during winter-spring (February: 16.3%, March: 18.9%), and decreased from late spring to autumn. The incidence rate was highest in infants younger than three years (76.5%). These distributions were similar to those found in other studies performed in Korea [1, 4] . Our data showed the detection rate of norovirus was higher than rotavirus during March and April, 2009. According to datas from Korea Centers for Disease Control and Prevention (KCDC), the detection rate of norovirus was about 4% higher than that of rotavirus in February 2010. In March 2010, the detection rate of rotavirus was about 3% higher than that of norovirus. In other words, the detection rate of norovirus at early spring was relatively higher than other years. In this study, the detection rate of norovirus was highest from December 2009 to April 2010, that was different in general. However, it was similar distribution with the data from KCDC.
Symptoms of pediatric acute viral gastroenteritis include abdominal pain, nausea, vomiting, diarrhea, fever, myalgia, and headache. In this study, systemic symptoms (fever, chills and headache) were dominant in cases of adenovirus infection. This can be explained by higher C-reactive protein values and combined respiratory infections that are associated with adenoviral gastroenteritis [19] . More than half of the cases occurred in children under 24 months of age. These children were considered not capable of providing reliable information about systemic symptoms. Therefore, symptoms were collected based on parents' observations. A low number of cases presented chills and headache. More cases are needed to evaluate the significance of these symptoms. Similar to what was found in previous studies, diarrhea was significantly associated with rotavirus (93.7%), adenovirus (88.9%), and norovirus (65.6%) (P＜0.05) [1, 3] .
Among the two most common viral agents, diarrhea was observed more frequently in rotaviral infections (93.6%) than in noroviral infections (65.6%) (P＜0.05). This result corresponds with previous studies that have demonstrated the similar symptoms of noroviral and rotaviral gastroenteritis, and that noroviral gastroenteritis has a milder course [20] [21] [22] . Leukocytosis (55.0%) and lymphocytosis (21.0%) were more frequently observed in the norovirus-infected group than in the rotavirus-infected group, again matching findings from a previous study [23] . For noroviral gastroenteritis cases, the clinical symptoms were milder than the laboratory findings.
Our study has limitations. This study was performed during a year only, and conducted in a single institution. In addition, the subjective symptoms were mostly collected based on parents' observation, therefore the reliability was not high.
In conclusion, pediatric acute viral gastroenteritis was predominant in males, in children younger than three years, and in the winter and early spring. Symptom differences among the vi- 
